Introduction
Dry eye disease (DED) is one of the most common ocular surface disorders in the USA and worldwide. It affects nearly 30% of the population, and its symptoms, such as ocular discomfort and visual fluctuations, represent the most frequent complaints in ophthalmic practice. [1] [2] [3] [4] DED is comprised of tear film insufficiency and ocular surface involvement. Despite different underlying pathogenic processes, inflammation is a common denominator in DED, which in turn induces further damage to the corneal epithelium and its underlying structures. 5 Various treatment modalities, such as steroids and cyclosporine, have been used to suppress inflammation. However, results are variable and refractory in some cases. In these cases, DED not only negatively impacts the quality of life, 2 but also increases the burden on health economics. Recent progress has been made in understanding the pathogenesis of DED, and different treatment modalities have been introduced. Cryopreserved amniotic membrane (CAM) was used to treat DED with ocular surface involvement, and its short-term efficacy was attributed to its known potent anti-inflammatory effect. 6 More recently, John et al 7 further evaluated the potential effect of CAM in restoring 
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McDonald et al corneal nerves in DED using in vivo confocal microscopy due to the known correlation between corneal nerve density and the severity of DED. [8] [9] [10] They showed CAM treatment significantly increased corneal nerve density which was correlated with improved corneal sensitivity and reduced dry eye symptoms. 7 This treatment effect was seen for 3 months and may be attributed to CAM's rich composition of neurotrophic factors, particularly nerve growth factor (NGF). [11] [12] [13] However, these studies were conducted on a relatively small patient population, and further studies are needed to substantiate the findings. Hence, in this study, we retrospectively reviewed the effect of CAM in a larger patient population with moderate-to-severe dry eye.
Methods study design and participants
This is a retrospective study to evaluate the efficacy of self-retained CAM (PROKERA ® Slim, Bio-Tissue, Miami, FL, USA) in reducing signs and symptoms of DED associated with ocular surface involvement. The study was exempted under 45 CFR §46.101(b)(4) by the Western Institutional Review Board (Puyallup, WA, USA), and patient consent was not required. The study was conducted at ten clinical sites across the USA in accordance with the Health Insurance Portability and Accountability Act and Declaration of Helsinki. The medical records of patients with DED associated with ocular surface disorders who were treated with CAM as a temporary bandage (PROKERA ® Slim) before June 1, 2016, and completed 1 week, 1 month and 3 months of follow-up were reviewed. Inclusion criteria also included subjects aged 21 years and older who had moderate-to-severe DED, grades 2-4, as defined by the Report of the International Dry Eye WorkShop (DEWS). 1 Exclusion criteria included symblepharon, recent ocular surgery or injury within 3 months, contact lens wearers, and those who had undergone previous brain surgery or trigeminal nerve damage.
Data collected were demographics, medical history including previous and current ocular treatment, diagnosis, clinical presentations, comorbidity, duration and frequency of treatment with CAM, and concomitant medications. The DEWS score and the severity of DED including discomfort, visual symptoms, corneal staining, and corneal signs were graded from 1 (mild) to 4 (severe) as previously described. 1, 14 Posttreatment results were evaluated at 1 week, 1 month, and 3 months of follow-up and compared to the baseline. All data were recorded in such a manner that subjects could not be identified, directly or through identifiers linked to their records.
statistical analysis
Descriptive statistics for continuous variables are reported as the mean ± SD and were analyzed using SPSS software, version 24.0 (SPSS Inc., Chicago, IL, USA). Differences between parameters before and after treatment were analyzed with the analysis of variance test and Student t-test. A p-value ,0.05 was considered statistically significant.
Results
A total of 97 eyes of 84 patients [12 (14%) male, 69 (82%) female, and 3 (4%) unknown] were included in this study. They exhibited severe dry eye (DEWS 3.25±0.5) despite maximal medical treatments such as artificial tears (82%), steroids (44%), cyclosporine-A (40%), antibiotics (30%), serum drops (8%), and nonsteroidal anti-inflammatory drugs (5%). Punctal plugs were also noted in 29 cases (35%). The majority of patients presented with ocular discomfort (83%) and blurry vision (60%). Other symptoms included ocular pain (35%), redness (29%), and light sensitivity (14%). Most of the cases manifested with superficial punctate keratitis (86%) followed by exposure keratitis (19%), filamentary keratitis (13%), epithelial defect (7%), and neurotrophic keratitis (2%). Comorbidities included blepharitis (39%), cataract (36%), glaucoma (20%), lagophthalmos (7%), and conjunctivitis (5%).
Placement and removal of CAM were uneventful in all cases. Tape-tarsorrhaphy was used in 26 cases (31%) to alleviate discomfort at the time of insertion. The average duration of CAM placement was 5.4±2.8 days, range 2-11 days. CAM was removed from 4 eyes (4%) after 2 days due to CAM intolerance, and another CAM fell out of one eye after 2 days. Upon removal, the AM was intact (28%), partially dissolved (20%), totally dissolved (42%), or not stated (10%). After removal, 74 patients (88%) demonstrated an improved ocular surface ( Figure 1 ) along with notable reduction of the severity of dry eye symptoms. The overall DEWS score was significantly reduced from 3.25±0.5 at the baseline to 1.44±0.6 at 1 week ( p,0.001), 1.45±0.6 at 1 month ( p,0.001), and 1.47±0.6 at 3 months ( p,0.001) (Figure 2) . Specifically, ocular discomfort scores improved from 3.0±0.8 at baseline to 1.3±0.7 at 3 months ( p,0.001); visual symptoms scores improved from 2.6±0.9 to 1.0±1.0 ( p,0.001); corneal staining scores improved from 2.6±0.7 to 1.0±1.0 ( p,0.001); and the overall corneal signs scores improved from 3.5±0.7 at baseline to 2.0±1.0 at 3 months ( p,0.001). Although there was significant improvement in visual symptom, the change in distant visual acuity was not statistically significant.
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Treatment outcomes in the DreaM study Ten patients (10%), who had exposure keratitis or epithelial defects, did not heal at the time of CAM removal and required repeat treatment to complete the healing. For these patients, the overall DEWS score was significantly reduced from 3.60±0.7 at the baseline to 2.5±0.7 at 1 week, 1.90±0.9 at 1 month, and 1.90±0.9 at 3 months. The corneal staining scores improved from 3.3±1.0 at baseline to 1.9±1.2 at 3 months.
The ocular surface remained stable during the follow-up period while the patients continued to use conventional treatment including artificial tears (96%), cyclosporine-A (57%), steroids (32%), antibiotics (23%), serum drops (11%), and nonsteroidal anti-inflammatory drugs (8%). There was no significant change in the number of topical medications after CAM placement. Apart from CAM intolerance, there were no adverse events.
Discussion
This retrospective study demonstrates that self-retained CAM can accelerate the recovery of corneal surface health in patients with moderate and severe DED. Single placement of CAM for 5.4±2.8 days resulted in a significant improvement of DED signs and symptoms with an overall significant reduction in DEWS scoring from 3.25±0.5 (baseline) to 1.44±0.6 at 1 week, 1.45±0.6 at 1 month, and 1.47±0.6 at 3 months. This improvement was associated with restoration of corneal surface health as evidenced by resolution of corneal punctuate staining and improvement of visual symptoms. These findings are consistent with previous studies. 6, 7 The therapeutic effect of CAM in the treatment of DED can be attributed to multiple mechanisms of action. First, CAM acts as a therapeutic bandage that keeps the eye moist by retaining tears and protects the ocular surface from the surrounding environment. The second mechanism is by controlling ocular surface inflammation 6 since it is well established 
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McDonald et al that inflammation triggered by both innate and adaptive immune responses is critical to the pathogenesis and chronicity of DED. 15, 16 Taking the anti-inflammatory action as an example, CAM has been demonstrated to induce apoptosis of neutrophils, 17, 18 monocytes, and macrophages; 19 reduce infiltration of neutrophils, 17, 18 macrophages, 20,21 and lymphocytes; 22 and promote polarization of M2 macrophages. 23 Such antiinflammatory action exerted by CAM is retained in the water-soluble extract 24, 25 and replicated by HC-HA/PTX3 purified from AM. 11, 12 A third mechanism is CAM's ability to regenerate corneal nerves as previously reported, 7, 26 and this may explain the lasting effect. This notion is supported by the fact that NGF is abundantly present in CAM and is known to play an important role in nerve regeneration and epithelial healing. 8, 13, 27 Other conventional topical anti-inflammatory therapies such as cyclosporine, 28 corticosteroids, 29 or nonsteroidal anti-inflammatory drugs 30 have been found to compromise corneal nerves and may explain why some cases do not respond. Collectively, these actions mentioned above of CAM seem to be beneficial in treating DED.
In this study, the ocular surface did not heal in 10% of cases following single placement of CAM and required repeat treatment. These cases had exposure keratopathy, neurotrophic conditions, or persistent epithelial defect. These results are comparable with what has been reported previously by Suri et al, 31 who have published a recurrence rate of 14.3%. This recurrence may be explained by the nature of the underlying disease or associated comorbidities. In fact, 39% of the cases had associated blepharitis in this study, and the improvement of lid hygiene helped improve the dry eye symptoms. Therefore, it is essential to look for other comorbidities and treat them accordingly.
DED presents as a public health problem 32, 33 with substantial economic implications including increased prescription medication use and expenditures for DED. It has been shown that CAM can alleviate DED accompanied with a significant reduction in usage of concomitant topical medications. 6 However, the patients in the current study continued to use conventional treatment as per their usual routine even though their symptoms were refractory before CAM placement. Hence, it may be advisable to reduce the number and frequency of concomitant medications to minimize potential toxicity, economic burden, and impact on quality of life.
Conclusion
In conclusion, CAM is a promising treatment to enhance the recovery of ocular surface health and reduce signs and symptoms in patients with moderate-to-severe DED.
Further studies are needed to determine longer-term effects (.3 months) and whether repetitive use of CAM generates a more lasting effect.
Acknowledgments
The abstract of this paper was partially presented at the American Society of Cataract and Refractive Surgery (ASCRS) annual meeting, Los Angeles, CA, May 2017, as a conference talk with interim findings. The abstract of this presentation is available at http://www.ascrs.org/node/29198. The ASCRS abstract was also discussed at the 34th Annual Cornea, Contact Lens, Contemporary Vision Care Symposium, Houston, TX, Dec 2017 available at https://ce.opt. uh.edu/live/2017/cornea-contact-lens-contemporary-visioncare-symposium/course-notes/. This work was also presented at the American Academy of Ophthalmology (AAO) annual meeting, New Orleans, LA, November 2017 as a poster presentation. The poster's abstract is available at https://aao. scientificposters.com/epsAbstractAAO.cfm?id=1. This study was supported in part by a research grant from TissueTech, Inc. Miami, FL. 
